We describe a sign that can be used as a rapid and noninvasive adjunct to aid in the diagnosis of foveal hypoplasia.
F oveal hypoplasia is a condition that is commonly associated with diseases, such as aniridia and albinism. Isolated cases have also been documented. The condition has been studied with optical coherence tomography (OCT), fundus fluorescein angiography, and fundus autofluorescence (FAF). 1 Scanning laser polarimetry can also be used to determine foveal position, 2 but to our knowledge, the appearance of foveal hypoplasia with infrared reflectance (IRR) has never been documented. We present a unique case series of 7 patients in whom a concentric macular rings (CMR) sign was observed on IRR and who subsequently had foveal hypoplasia associated with ocular albinism (OA). We also report the occurrence of this macular reflex in 6 patients with known foveal hypoplasia (5 with oculocutaneous albinism [OCA] and 1 with aniridia). We conclude that this reflex can be used as a rapid and useful adjunct for the diagnosis of foveal hypoplasia.
Methods
This study followed the tenets of the Declaration of Helsinki, and written informed consent was obtained from all patients. The North of Scotland Research Ethics S er v ice concluded that institutional rev iew board approval was not required for this research. All investigations were performed as part of routine clinical care from February 18, 2009, through April 9, 2013, and included visual acuity (VA) assessment, electrophysiologic testing, and imaging. Distance VA was measured using logarithm of the minimum angle of resolution or Snellen charts. The IRR and FAF images were taken with the Heidelberg retina angiograph 2 (HRA2; Heidelberg Engineering). The HRA2 confoc al sc anning laser ophthalmoscope uses an 830-nm diode laser for IRR and a 488-nm laser for FAF. The OCT images were taken using the Spectralis (Heidelberg Engineering) and scanning laser polarimetry w i t h v a r i a b l e c o r n e a l c o m p e n s a t i o n ( G D x VC C ; Zeiss). Refractive error and presence of iris transillumi n at i o n a n d ny s t a g m u s we re a l s o d e te r m i n e d fo r each patient. Visual evoked potentials (VEPs), 5-channel VEP pattern electroretinography, and full-field electroretinography were conducted according to international standards of clinical electrophysiology in vision where possible.
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Results
An 8-year-old girl with slightly reduced VA (Snellen 20/35) and absent foveal reflex on fundal examination was referred by her optometrist. Her VA did not improve despite hypermetropic correction, and she did not have nystagmus or iris transillumination. Standard electrodiagnostic test results were all within normal limits; however, the OCT revealed complete absence of foveal dip in both eyes ( Figure 1A and B), and the CMR sign was seen bilaterally on IRR ( Figure 1D and E). This reflex had not been observed previously and is not seen in an 8-yearold patient with normal eye examination findings ( Figure 1F ). In addition, FAF revealed loss of the normal typical attenuation at the fovea ( Figure 1G -I). Subsequent 5-channel VEPs revealed contralateral predominance, confirming optic nerve misrouting. GDx VCC imaging of the retinal nerve fiber layer (RNFL) revealed the same CMR sign as seen on IRR ( Figure 1J and K), where a bowtie reflex is normally seen ( Figure 1L ). Another 6 patients (3 boys and 3 girls), with a median age of 5.5 years (range, 4-8 years), were examined and subsequently diagnosed as having OA. They all presented with reduced VA and mild or no nystagmus and/or iris transillumination (Table) . In all cases, the standard electrodiagnostic test results were within normal limits, but 5-channel VEPs revealed optic nerve misrouting. In all patients, foveal hypoplasia was seen on OCT and the CMR sign seen on IRR images taken with the HRA2 (Figure 2A-F) . Five patients with a confirmed diagnosis of OCA had foveal hypoplasia on OCT and the CMR sign on IRR images taken with the HRA2 (Figure 2G-I ; poorquality OCT in 2 patients). Furthermore, a 2½-year-old patient with confirmed aniridia had a similar CMR sign on IRR images taken with the HRA2 (data not shown).
The CMR sign was seen on IRR images taken with the HRA2 but not on the IRR images taken with the Spectralis. The focal plane of the lenses used to acquire the images varied between the 2 instruments, where a mean lens diopter (D) power of +7.52 D was used on the HRA2 compared with +4.75 D on the Spectralis.
Preliminary Pearson correlation coefficient analysis revealed a positive correlation between VA and the grade of foveal hypoplasia (r = 0.627); however, the number of patients in the sample was not high enough to prove statistical significance (P = .09). No correlation was found between VA and central retinal thickness (r = −0.085, P = .85) or largest ring diameter on IRR (r = 0.169, P = .69).
Discussion
In this study, a previously unreported sign was observed on IRR imaging in 7 patients with unexplained VA reduction ( Figure 1D and E and Figure 2A-F) . It was subsequently found to correspond with foveal hypoplasia in OA, OCA, and aniridia. This sign, to our knowledge, has been seen in only patients with foveal hypoplasia and has not been observed in other macular diseases.
Foveal hypoplasia is a disease in which a foveal pit is absent or reduced. It can occur as an isolated finding or associated with other diseases, such as OA, OCA, or aniridia. Michaelides et al 6 reported a continuum of foveal maturity and cone specialization in cases of OA and OCA. Consequently, milder forms of the disease can also manifest themselves with less obvious clinical signs, such as seen in the patients in our case series, some of whom had only subtle or even absent iris transillumination defects. Our finding with IRR can be particularly useful in the diagnosis of these patients. Foveal hypoplasia has been graded into 4 groups based on structure, 7 and although there was an association between VA with the different OCT-based grades of foveal hypoplasia in our study, the number of patients was too small to find a statistically significant correlation.
In the normal fovea, the cylindrically shaped axons of the photoreceptors are oriented radially in a symmetric pattern that forms the outer plexiform layer or Henle layer of the retina. 8 The Henle layer exhibits form birefringence, 9 the characteristic that is responsible for producing the bowtie or macular cross on GDx VCC and IRR images ( Figure 1L and F) . Birefringence in the eye is also exhibited by the RNFL and cornea but is dependent on thickness, so the bowtie reflex is believed to be formed by the Henle layer centrally with increasing influence of the RNFL more eccentrically 10 and is dependent on the normal foveal architecture. This theory would explain the presence of the macular cross pattern in normal eyes on IRR and GDx VCC images. In eyes with OA, Chong et al 11 suggest that the normal centripetal displacement of inner retinal elements radiating from the foveola is absent. Therefore, the lack of a bowtie reflex seen in our patients could be explained by the lack of inner retinal displacement. There are various theories for the lack of cen- A-I, Foveal hypoplasia (arrows) was seen on optical coherence tomograms, and the concentric macular rings sign (dashed circles) was seen on infrared reflectance images taken with the Heidelberg retina angiograph 2 in all patients.
